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1. INTRODUCTION 

An a d d i t i o n a l  t a s k  of t h e  human p i l o t  o f  a i r c r a f t  b e s i d e s  

t h e  p r i m a r y  t a s k  o f  being the c o n t r o l l e r  of t h e  a i r c r a f t  i s  

t h e  m o n i t o r i n g  t a s k  t o  p rompt ly  c o p e  with t r o u b l e s  and  sudden  

c h a n g e s  i n  t h e  au tomated  d e v i c e s  and t h e  measurement 

i n s t r u m e n t s .  I t  i s  q u i t e  i m p o r t a n t  t o  become t h o r o u g h l y  

f a m i l i a r  w i t h  t h e  human f u n c t i o n  which  d e t e c t s  s u c h  t r o u b l e s  

and c h a n g e s  i n  the c h a r a c t e r i s t i c s  of  t h e  s y s t e m  and  t o  

e x p r e s s  i t  u s i n g  m a t h e m a t i c a l  models .  T h i s  i s  i m p o r t a n t  f o r  

t h e  d e s i g n i n g  of  a i r c r a f t  a s  w e l l  a s  o t h e r  human - machine 

system. 

R e s e a r c h  a c t i v i t i e s  i n  t h e  a rea  o f  f o r m a t i o n  o f  models  o f  

human f u n c t i o n  i n  human - machine s y s t e m  are many. I n  t h e s e  

r e s e a r c h  a c t i v i t i e s ,  human i s  c o n s i d e r e d  a s  s e r v o  mechanism. 

1 - 4 )  A t  t h e  same time, r e s e a r c h  a c t i v i t i e s  of  human 

compensa to ry  c o n t r o l  t h a t  i s  seen  a t  t h e  time o f  sudden  

c n a n g e s  i n  t h e  cha rac t e r i s t i c s  o f  t h e  system a r e  a l s o  c a r r i e d  

o u t .  5 )  Yet, t h e s e  r e s e a r c h  a c t i v i t i e s  a r e  n o t  r e l a t e d  t o  t h e  

f o r m a t i o n  of  models  of  abnormal  d e t e c t i o n  system o f  human 

b e i n g .  I n s t e a d ,  t hey  a r e  though t  t o  b e  tne c o n s i d e r a t i o n  of 

t h e  model  f o r m a t i o n  re la ted t o  t h e  c o n t r o l  o f  t h e  c l o s e d - l o o p  

system. 

P a s t  r e s e a r c h  a c t i v i t i e s  c o n c e r n i n g  human b e i n g  from t h e  

s t a n d p o i n t  of t h e  d e t e c t i o n  o f  t h e  s y s t e m  a b n o r m a l i t y  i n c l u d e  
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r e p o r t s  o n  e x p e r i m e n t a l  e x a m i n a t i o n  o f  human d e t e c t i o n  

f u n c t i o n .  6 ,  7 )  On t h e  s u b j e c t  of  t h e  model f o r m a t i o n  

c o n c e r n i n g  t h e  f u n c t i o n  o f  human d e t e c t i o n ,  some of them 

e x p r e s s  the human d e t e c t i o n  model of t h e  m o n i t o r i n g  t a s k  b y  

t h e  d e t e c t i o n  of g r a d u a l  p r o b a b i l i t y  r a t i o  a p p l i e d  t o  Carman ;k 

f i l t e r  and i n t e g r a l  c a l c u l u s  of t h e  r e m a i n i n g  d i f f e r e n c e  o f  

t h e  f i l t e r .  8 )  The a b o v e  model a p p e a r s  t o  be s u i t a b l e  i n  t h e  

case where  a b n o r m a l i t y  a p p e a r s  as  t h e  bias  c h a n g e  i n  t h e  

o u t p u t .  Yet, i t  ( t h e  mode l )  seems t o  r e q u i r e  f u r t h e r  

d i s c u s s i o n  i f  i t  i s  t o  b e  a p p l i e d  t o  t h e  s i t u a t i o n  where  t h e  

t a r g e t  s y s t e m  shows sudden  changes  o r  where  sudden  c h a n g e s  are  

made i n  t h e  c o n t r o l l e d  element a s  human i s  c a r r y i n g  o u t  t h e  

c o n t r o l  w i t h i n  a c l o s e d - l o o p  system. 

A u t h o r s  c o n d u c t e d  a n  expe r imen t  a imed a t  t h e  s e c o n d a r y  

s y s t e r n  on t h e  s u b j e c t  of d e t e c t i o n  b y  human o f  p a r a m e t e r  

c h a n g e s  o f  dynamic s y s t e m  i n v o l v i n g  i r r e g u l a r  n o i s e s  a s  

e x c i t a t i o n  i n p u t .  9 )  Based upon t h e  r e s u l t  o f  t h e  above  

e x p e r i m e n t ,  a u t h o r s  have  r e p o r t e d  t h a t  t h e  d e t e c t i o n  mot ion  i n  

t h e  c a s e  w h e r e  human i s  s imply  f u n c t i o n i n g  a s  a m o n i t o r  c a n  b e  

e x p r e s s e d  u s i n g  t h e  most s u i t a b l e  a s s u m p t i o n  and  t h e  

v a r i a n c e - r a t j  (3 t e s t .  10) 

I n  t h i s  r e s e a r c h  which  d e a l s  w i t h  t h e  d e t e c t i o n  mot ion  a t  

t h e  time when t h e  p i l o t  c o n t r o l  i s  i n  e f f e c t ,  a b o v e  ment ioned  

m o t i o n  a s  t h e  m o n i t o r  i s  a l s o  i n c l u d e d  a s  t h e  s p e c i a l  c a s e .  

I n  t h e  same manner a s  t h e  case o f  t h e  m o n i t o r ,  t h e  d e t e c t i o n  



time by  t h e  e x p e r i m e n t  ( t i m e  between t h e  change  i n  t h e  

p a r a m e t e r  and  t h e  time when the  change  i s  d e t e c t e d )  c a n  be 

c o n n e c t e d  t o  t h e  s i g n a l  b e i n g  watched and d i s p e r s i o n  o f  t h e  

time d i f f e r e n t i a t e d  f i g u r e .  ~ T h e  m a t h e m a t i c a l  model  i n  t h i s  

case c o n s i s t s  of t h e  c o n t r o l  of the c l o s e d - l o o p  s y s t e m  and  the 

d e t e c t i o n  of  a b n o r m a l i t y .  Model f o r m a t i o n  o f  t h e  f o r m e r  i s  

done  b y  t h e  o p t i m a l  c o n t r o l l e r  t h r o u g h  t h e  W e i n e r ' s  method. 

Model f o r m a t i o n  o f  t h e  l a t t e r  i s  done  a c c o r d i n g  t o  t h e  same 

method as  t h a t  o f  t h e  m o n i t o r i n g  t a s k s .  For  t h e  p u r p o s e  of  

d i s c u s s i n g  t h e  adequacy  o f  t h e  above  model ,  a d i g i t a l  

s i m u l a t i o n  of  a b n o r m a l i t y  d e t e c t i o n  i s  c o n d u c t e d  t h r o u g h  t h e  

u s e  o f  a model i n  o r d e r  t o  compare t h e  r e s u l t  w i t h  t h e  r e s u l t  

o f  t h e  e x p e r i m e n t  b y  human. 

2. THE OBJECT SYSTEM 

F ig .  

s e c o n d a r y  

1 snows t h e  c o n t r o l  t a s k  used  h e r e .  The  f o l l o w i n g  

s y s t e m  a re  u s e d  a s  t h e  c o n t r o l l e d  e l e m e n t  G ( s ) :  

pararne t e r  of  r apu ras -:: exchange  

damped r a t i o  

s p e c i f i c  f r e q u e n c y  

G a i n  c o e f f i c i e n t  
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F i g .  1 C o n t r o l  t a s k  

- I  I 1‘--‘ Kc ! 

The way t h e  a b n o r m a l i t y  a p p e a r s  c a u s e d  b y  m e c h a n i c a l  

t r o u b l e  and o t h e r s  t e n d s  t o  vary .  Some a re  d r a s t i c .  Examples 

of the  above  are r ap id  change i n  t h e  number of  the system o r  

p o l a r i t y .  Others are less  d r a s t i c .  Examples a r e  b i a s  change  

i n  o u t p u t ,  rap id  change  i n  t h e  p a r a m e t e r  K , C n ,  o r u n ,  and 

change  i n  c h a r a c t e r i s t i c s  of t h e  e x c i t a t i o n  i n p u t  u. I n  t h i s  

s t u d y ,  t h e  q u e s t i o n  o f  d e t e c t i n g  a s  soon a s  p o s s i b l e  o n l y  t h e  

p a r a m e t e r t n o f  t he  c o n t r o l l e d  e l emen t  G ( s )  o r  o n l y ~ ~  o r  t h e  

r a p i d  changes  which  t a k e  p l a c e  c o n c u r r e n t l y  i s  hand led  a s  a 

human c o n d u c t s  compensa tory  c o n t r o l  s o  a s  t o  make t h e  e r r o r  e 

zero  u n d e r  t h e  i n f l u e n c e  of i r r e g u l a r  n o i s e  u .  Such  sudden 

change  i s  though t  t o  be e q u i v a l e n t  o f  a mechan ica l  t r o u b l e  

d e v e l o p e d  i n  t h e  s a f e t y  d e v i c e s  o f  a i r c r a f t .  Human 

t r a n s m i s s i o n  c o e f f i c i e n t  Yp(s )  j s  e x p l a i n e d  j n  c h a p t e r  4 . 1 .  

3 .  EXPEHIMENT 

I n  c o n d u c t i n g  t h e  expe r imen t ,  c o n t r o l l e d  element G ( s )  was 

r e a l i z e d  o n  a n  a n a l o g u e  computer.  T e s t e d  p e r s o n n e l  was 

p r o v i d e d  w i t h  t h e  e r r o r  s i g n a l  e a s  v i s u a l  i n f o r m a t i o n .  ‘This 
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was shown on a n  o s c i l l o s c o p e  as a h o r i z o n t a l  l i n e  wh ich  moves 

toward u p  and  down d i r e c t i o n s .  The  t e s t e d  p e r s o n n e l  was 

d i r e c t e d  t o  m a i n t a i n  t h e  h o r i z o n t a l  l i n e  a t  t h e  p o s i t i o n  as 

c l o s e  t o  t h e  s t a n d a r d  l i n e  a s  p o s s i b l e .  The  o p e r a t i n g  d e v i c e  

with a j o y  s t i c k  i s  s t r u c t u r e d  t o  g e n e r a t e  o u t p u t  vol tage i n  

p r o p o r t i o n  t o  t h e  r o t a t i o n  a n g i e  o f  t h e  j o y  s t i c k .  T h e  f i g u r e  

o f  t h e  c o n t r o l  g a i n  Kc was s e t  a t  0.1 v o l t /  d e g  o r  twice t h i s  

f i g u r e .  

t h e  case o f  0.1 v o l t /  d e g . )  F u r t h e r m o r e ,  t h e  t e s t e d  p e r s o n n e l  

was d i r e c t e d  t o  p r e s s  a push switch when h e  ( s h e )  made a 

(The  t e s t  r e s u l t  shown i n  t h i s  essay describes o n l y  

judgment  t h a t  some c h a n g e s  have o c c u r r e d  i n  t h e  p a r a m e t e r  

t h r o u g h  t h e  o b s e r v a t i o n  of  t h e  e r r o r  s i g n a l .  Under t h e  normal 

c o n d i t i o n  (shown i n  t h e  l e t te r  n ) , &  = 0 . 7  a n d @ & =  4 r a d /  sec 

a t  a l l  times. Under t h i s  c o n d i t i o n ,  o n l y  t h e  p a r a m e t e r  , 
o n l y  t h e  p a r a m e t e r  o r  t h e  two p a r a m e t e r s  were c h a n g e d .  The 

e x c i t a t i o n  i n p u t  u i s  t h e  ou tpu t  o f  t h e  n o i s e  g e n e r a t o r .  I t s  

s p e c t r u m  d e n s i t y  i s  fixed u p  t o  500 Hz.  I t  i s  G a u s s i a n  s i g n a l  
-3  2 whose f i g u r e  i s  7 . 2 4  x 10  V /Hz.  In a l l  e x p e r i m e n t s ,  t h e  

g a i n  K o f  t h e  c o n t r o l l e d  e lement  i s  s e t  a t  1. 

‘The e x p e r i m e n t  was conduc ted  o n  two s u b j e c t s  ( t w o  

g r a d u a t e  s t u d e n t s :  0 i s  2 3  y e a r s  of  a g e ,  a n d  ii i s  26 years of  

a g e . ) .  E i g h t  se r ies  o f  t e s t s  a s  shown i n  Tab.  1 were 

c o n d u c t e d  o n  e a c h  s u b j e c t .  The e x p e r i m e n t  l a s t e d  

a p p r o x i m a t e l y  a n  h o u r  a n d  a h a l f  a day .  T h e  e i g h t  ser ies  of  

t e s t s  were c o m p l e t e d  w i t h i n  t w o  d a y s .  I n  c o n d u c t i n g  e a c h  

6 



ser ies  of  tes ts ,  t h e  o r d e r  o f  t h e  t e s t  was from t h e  o n e s  w i t h  

g rea t e r  p a r a m e t e r  c h a n g e s  t o  t h e  o n e s  w i t h  less p a r a m e t e r  

c h a n g e s .  The time when changes  i n  t h e  p a r a m e t e r  o c c u r  i s  t h e  

o p t i o n a l  time between 10 t o  25 s e c o n d s  a f t e r  t h e  commencement 

o f  e a c h  t e s t .  Data c o l l e c t i o n  was i n i t i a t e d  a f t e r  the t e s t e d  

p e r s o n n e l  became a d e q u a t e l y  accustomed t o  t h e  p a r a m e t e r  

c h a n g e s .  Measured d a t a  are i n  t h e  form o f  time ( d e t e c t i o n  

time t d )  between t h e  p a r a m e t e r  change  i n  t h e  c o n t r o l l e d  

e l e m e n t  and t h e  time when t h e  s u b j e c t  of  t h e  t e s t  p r e s s e s  t h e  

push  s w i t c h .  A t  e a c h  t e s t  p o i n t ,  a p p r o x i m a t e l y  t e n  t r i a l  

t e s t s  were c o n d u c t e d .  I f  t h e  push s w i t c h  was n o t  p r e s s e d  

w i t h i n  f i f t e e n  s e c o n d s  o f  t h e  parameter c h a n g e ,  t h e n  s u c h  d a t a  

were c o n s i d e r e d  a s  miss". I f  t h e  push s w i t c h  was p r e s s e d  

b e f o r e  t h e  p a r a m e t e r  change ,  then  s u c h  d a t a  were c l a s s i f i e d  a s  

" f a l s e "  and  removed from the measurement d a t a .  'The r e s u l t  of 

t h e  e x p e r i m e n t  shown l a t e r  i s  t h e  a v e r a g e  f i g u r e  of  t h e  d a t a  

c o l l e c t e d  a c c o r d i n g  t o  t h e  above method.  Among t h e  d e t e c t e d  

tiine, t h e  l o n g e s t  a n d  t h e  s h o r t e s t  ones  were removed b e f o r e  

s u c h  d a t a  were a v e r a g e d .  

I 1  

1.5 

-- - 
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2. ser ies  

#+- 
* 3 ( 5 1  'I) 0.3 0.2 

Fig .  2 Time of  d e t e c t i o n  (changes i n  o n l y  ) 
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P 

I F i g .  2 a n d  F i g .  3 show t h e  tes t  r e s u l t  i n  w h i c h &  andCl)* 

make c h a n g e s  a l o n e  i n d e p e n d e n t l y .  F i g .  2 shows the 

measurement  d a t a  o f  t h e  d e t e c t i o n  time i n  wh ich  o n l y &  changed 

( s e r i e s  l), 2 ) ) .  

d e t e c t i o n  time i n  wh ich  o n l y d n c h a n g e d  ( se r ies  3 ) ,  4 ) ) .  

Circles w i t h  a d o t  show t h e  t e s t  r e s u l t ,  w h i l e  b l a c k e n e d  

c i rc les  i n d i c a t e  t h e  a v e r a g e  d e t e c t i o n  time i n  t h e  case of 

m o n i t o r i n g  tasks. They show a l i t t l e  l o n g e r  time t h a n  t h e  

a v e r a g e  d e t e c t i o n  time i n  the c o n t r o l  t a s k s .  The m a r k  r 
i n d i c a t e s  t h e  d e t e c t i o n  time a s  t h e  h o r i z o n t a l  l i n e  on  t h e  

o s c i l l o s c o p e  was made t o  jump by 1.5 c m .  I t  i s  c o n s i d e r e d  as 

b e i n g  e q u i v a l e n t  o f  t h e  r e a c t i o n  time o f  t h e  t e s t  s u b j e c t s .  

'The t o t a l  sum o f  t h e  d a t a  used ( i n c l u d i n g  t h e  "miss" and  

' ' f a l s e "  d a t a )  i s  shown i n  T N O .  I n  t h e  same f i g u r e ,  t h e  s o l i d  

l i n e  c u r v e s  i n d i c a t e  t h e  r e l a t i o n  o f  t h e  r a t i o  o f  t h e  

d e t e c t i o n  tirne t d  and  t h e  a v e r a g e  o f  t h e  o u t p u t  y b e f o r e  and 

a f t e r  t h e  p a r a m e t e r  change  and s q u a r e  a v e r a g e  f i g u r e s  of $ 
u s i n g  t h e  f o i l o w i n g  fo rmulas  ( 2 )  a n d  ( 3 ) .  

F i g .  3 shows t h e  measurement  data  of t h e  

I n  t h e  above  f o r m u l a s ,  b y ' a n d d ~ ' i n c i i c a t e  t h e  s q u a r e  a v e r a g e  

f i g u r e s  of  y and  G. The  l e t t e r  a l p h a  i n d i c a t e s  t h e  f i g u r e  
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' a f t e r  t h e  p a r a m e t e r  c h a n g e .  The  f i g u r e s  o f  Kdy a n d  Kd; c a n  be  

o b t a i n e d  t h r o u g h  t h e  minimum s q u a r e  method from t h e  tes t  d a t a .  

They are shown i n  t h e  f i g u r e .  (The  o n e s  w i t h i n  p a r e n t h e s e s  

i n d i c a t e  t h e  ones  i n  r e f e r e n c e  t o  t h e  m o n i t o r i n g  t a s k s . )  The  

c u r v e s  i n  t h e  f i g u r e  shown i n  t h e  f o r m u l a s  ( 2 )  o r  ( 3 )  are  i n  

r e f e r e n c e  t o  t h e  c o n t r o l l e d  t a s k s .  Yet, t h e y  a r e  a l l  i n  

a g r e e m e n t  w i t h  the  t e s t  d a t a ,  which i n d i c a t e s  t h a t  t h e  

d e t e c t i o n  t ime  by human can be w e l l  r e l a t e d  w i t h  t h e  r a t i o  o f  dY2 

a n d  69'bef o r e  and a f t e r  t h e  p a r a m e t e r  change .  

F i g .  4 D e t e c t i o n  time c u r v e  

s o l i d  i i n e s  i n d i c a t e  t n e  c o n t r o l l e r .  U u t i e d  l i n e s  

i n d i c a t e  t h e  m o n i t o r .  b o t s  i n d i c a t e  t h e  t e s t  p o i n t s .  F i g u r e s  

i n d i c a t e  t h e  d e t e c t i o n  time ( s e c j .  F i g u r e s  i n  p a r e n t h e s e s  

show t h e  case o f  t h e  m o n i t o r .  

10 
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F i g .  4 shows t h e  r e s u l t  o f  t h e  ser ies  5 )  - 8 )  i n  w h i c h J b  

and un a r e  s i m u l t a n e o u s l y  changed.  The  h o r i z o n t a l  a x i s  

i n d i c a t e s  t h e  r a t i o  o f  d j b e f o r e  a n d  a f t e r  c h a n g e s ;  v e r t i c a l  

axis  i n d i c a t e s  the r a t i o  o f d i t  

test  p o i n t s .  T e s t  p o i n t s  o f  t h e  series 1) - 4 )  are  a l s o  shown 

h e r e .  The  numbers a t t a c h e d  t o  t h e  tes t  p o i n t  o f  t h e  series 5 )  

- 8 )  i n d i c a t e  t h e  a v e r a g e  d e t e c t i o n  time. ( F i g u r e s  i n  

p a r e n t h e s e s  i n d i c a t e  t h e  case o f  m o n i t o r i n g  t a s k s . )  The  

c u r v e s  i n  t h e  same f i g u r e  i n d i c a t e  t h e  a v e r a g e  d e t e c t i o n  time 

u s i n g  t h e  f o l l o w i n g  fo rmula  ( 4 ) .  

T h e  d o t  marks  i n d i c a t e  t h e  

K 1  2 a n d  K2 2 were d e t e r m i n e d  t h r o u g h  t h e  minimum s q u a r e  

method u s i n g  t h e  e n t i r e  t es t  d a t a .  T h e  s o l i d  l i n e s  i n d i c a t e  

t h e  case o f  t h e  c o n t r o l  tasks, w h i l e  t h e  d o t t e d  l i n e s  i n d i c a t e  

the case o f  t h e  m o n i t o r i n g  tasks.  

and  di/d,$become smaller and l a r g e r  t o g e t h e r ,  p a r t i c u l a r l y  t h e  

d i r e c t i o n  o f  t h e  c h a n g e s  of  t h e  ser ies  1) ana 2 )  t e s t s ,  

compared w i t n  o t h e r  d i r e c t i o n s  i s  c o n s i d e r e d  as  t h e  d i r e c t i o n  

w i t h  l o n g e r  d e t e c t i o n  time, i n  o t h e r  w o r d s ,  t h e  d i r e c t i o n  t h a t  

i s  d i f f i c u l t  t o  d e t e c t  i n  s p i t e  o f  t h e  f a c t  t h a t  tne  c h a n g e  

r a t i o  ofdY: and6;:is g r e a t .  

o f  t h e  series 5 )  and 8 )  i s  t h e  d i r e c t i o n  w i t h  s h o r t  d e t e c t i o n  . 

‘ A  
The d i r e c t i o n  toward whichdya/dyO 

On t h e  c o n t r a r y ,  t h e  d i r e c t i o n  
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time i n  s p i t e  of  t h e  small change r a t i o .  I n  o t h e r  w o r d s ,  i t  

i s  c o n s i d e r e d  as  t h e  d i r e c t i o n  t h a t  i s  easy t o  d e t e c t .  A s  t h e  

m o n i t o r i n g  t a s k s  and t h e  c o n t r o l  t a s k s  a r e  compared ,  t h e  

d e t e c t i o n  time i s  s h o r t e r  i n  t h e  case o f  t h e  c o n t r o l l e r  r a t h e r  

t h a n  t h e  o b s e r v e r  i n  the d i r e c t i o n  t h a t  i s  c o n s i d e r e d  

d i f f i c u l t  t o  d e t e c t .  I n  t h e  d i r e c t i o n  that  i s  t h o u g h t  t o  be 

easier t o  d e t e c t ,  no  s i g n i f i c a n t  c h a n g e s  are  r e c o g n i z a b l e  i n  

t h e  d e t e c t i o n  time. 

F i g .  2 - 4 a re  i n  r e f e r e n c e  t o  t h e  tes ted p e r s o n n e l  H .  

S i m i l a r  r e s u l t  h a s  been o b t a i n e d  i n  t h e  case of  t h e  t e s t e d  

p e r s o n n e l  0. F o r  f u r t h e r  d e t a i l e d  e x p e r i m e n t a l  d a t a ,  r e f e r  t o  

t h e  r e f e r e n c e  l i t e r a t u r e  9 ) .  

4 .  H U M A N  DETECTION MODEL 

From t h e  r e s u l t  o f  t h e  e x p e r i m e n t  d e s c r i b e d  i n  t h e  

p r e v i o u s  c h a p t e r ,  i t  became a p p a r e n t  t h a t  hunian d e t e c t i o n  time 

was r e l a t e d  t o  t h e  r a t i o  of  the  s q u a r e  a v e r a g e  f i g u r e  of y and  

( e q u a l  t o  -e a n d  -; h e r e )  b e f o r e  and a f t e r  t h e  p a r a m e t e r  

c h a n g e .  A c c o r d i n g l y ,  numan i s  t h o u g h t  t o  u t i l i z e  t h e  inon i to r  

vujunre a s  w e l l  a s  i t s  d i f f e r e n t i a l  f i g u r e  a t  t h e  time o f  

s t r u c t u r i n g  iiunian t letectiuii  aimel. T h e  most s u i t a b l e  e s t i m a t e  

i s  p re sumab ly  p rov ided  f o r  t h e  p u r p o s e  o f  o b t a i n i n g  t h e  s i g n a l  

e and which  a r e  used a t  t h e  t ime o f  d e t e c t i n g  t h e  p a r a m e t e r  

c h a n g e .  A t  t h a t  time, human i s  t h o u g h t  t o  u t i l i z e  h i s  own 

o u t p u t  ( o p e r a t i o n a l  volume m f o r  t h e  c o n t r o l )  as  known 
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( e s t a b l i s h e d )  s i g n a l .  I n  t h e  c a s e  o f  t h e  m o n i t o r i n g ,  m 

becomes e q u a l  t o  z e r o .  

I t  i s  n e c e s s a r y  t o  c o n s i d e r  human c o n t r o l  c h a r a c t e r i s t i c s  

i n  t h e  c l o s e d - l o o p  s y s t e m  i n  o r d e r  t o  c a l c u l a t e  t h e  o u t p u t  m .  

Human i s  assumed t o  c o n d u c t  the c o n t r o l  o f  t h e  c o n t r o l l e d  

e l e m e n t  p r i o r  t o  t h e  p a r a m e t e r  change  u n t i l  h e  n o t i c e s  t h e  

c h a n g e  even  i f  sudden  c h a n g e s  o c c u r  i n  t h e  c o n t r o l l e d  e l e m e n t .  

The above  a s s u m p t i o n  i s  n e c e s s a r y  i n  o r d e r  t o  p r e p a r e  t h e  

model of  t h e  c o n t r o l  c h a r a c t e r i s t i c s .  As f o r  s a i d  model ,  t h e  

o p t i m a l  c o n t r o l l e r  model t h rough  Weiner’s ;‘r method i s  a d o p t e d .  

I t  i s  c o n s i d e r e d  i n  t h e  b i b l i o g r a p h y  4 ) .  

As human d e t e c t i o n  model ,  t h e  model  as  shown i n  F i g .  5 i s  

p r o p o s e d .  The  p a r t  o f  t h e  most s u i t a b l e  a s s u m p t i o n  i s  rooaeled 

by Carman f i l t e r ,  and t h e  pa rame te r  change  d e t e c t i o n  p a r t  i s  

modeled t h r o u g h  t h e  u s e  of t h e  v a r i a n c e - r a t i o  t es t .  T h e s e  

p a r t s ,  o t h e r  t h a n  the i n f l u e n c e  o f  t h e  human o u t p u t  m ,  a r c  

c o n s i d e r e d  t h e  same a s  t h e  model f o r m a t i o n  IO) o f  t h e  [not ion  

a s  t h e  m o n i t o r .  

4 . 1  O p t i m a l  c o n t r o l l e r  ( w i t h i l l  F i g .  5 )  

I n  t h i s  s e c t i o n ,  huiliaii t r a n s n i s s i o n  c o e f f i c i e n t  

Y p ( s j  w h i c h  would minin i ize  a c e r t a i n  e v a i u a t i o i i  s t a n d a r d  a s  

t h e  c o n t r o l l e d  element G ( s )  i s  p r o v i d e d  i s  o b t a i n e d .  T h e  

p rob lem i n  t h e  b i b l i o g r a p h y  4 )  i s  s o l v e d  as  f b l l o w s .  T h e  

w a s t e d  time and t h e  d e l a y  time o f  t h e  n e r v e  - m u s c l e  s y s t e m  

t h a t  i s  e x p r e s s e d  by 1/ (‘1”s t 1)  among t h e  t h i n g s  w h i c n  show . 
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human b a s i c  c o n t r o l  mot ion  i s  c o n s i d e r e d  a s  t h e  same i n  human 

who a re  matured  u p  t o  a c e r t a i n  d e g r e e .  T h i s  i s  n o t  someth ing  

t h a t  can  be changed  i n t e n t i o n a l l y .  I n  t h i s  s e c t i o n ,  w a s t e d  

time a s  w e l l  a s  t h e  d e l a y  between t h e  nerve and  musc le  sys t em 

are e x p r e s s e d  b y  erS t o g e t h e r  and l e f t  w i t h i n  t h e  human 

t r a n s m i s s i o n  c o e f f i c i e n t .  N e x t ,  human c o n t r o l  mo t ion  t h a t  i s  

o f  t e n  c a l l e d  t h e  p r o p o r t i o n a l  mo t ion ,  t h e  d i f f e r e n t i a l  mot ion  

and  t h e  i n t e g r a l  mot ion  i s  t h e  p a r t  wh ich  shows a d a p t a b i l i t y  

t o  t h e  c h a r a c t e r i s t i c s  o f  t h e  c o n t r o l l e d  element o r  t h e  

e x t e r n a l  d i s t u r b a n c e .  I n  o t h e r  w o r d s ,  t h e s e  a r e  t h e  p a r t s  

t h a t  human can i n t e n t i o n a l l y  change .  T h e s e  par t s  a r e  

d e t e r m i n e d  t h r o u g h  t h e  o p t i m a l  c o n t r o l l e r  theGry u s i n g  t h e  

f o l l o w i n g  e v a I . u a t i o n  s t a n d a r d .  

I n  t h e  above  f o r m u l a ,  t h e  l i n e s  o n  t o p  of  l e t t e r s  e and r!i 

i n d i c a t e  t h e  a v e r a g e  f i g u r e .  T h e  second  s e c t i o n  o n  t h e  r i g h t  

shows numan l a b o u r .  I n  g e n e r a l ,  m i s  c o n s i d e r e d  a s  t h e  item 

t o  show human l a b o u r .  Yet, i t  i s  assumed t h a t  no a d u i t i o n a l  

l a b o u r  i s  needed  i n  o r d e r  t o  m a i n t a i n  i t  a t  a f i x e d  l e v e l  

a f t e r  c o m p l e t i n g  a f i x e d  c p e r a t i o n  i n  the  case where 

i n s t L- ui,i e n  t s w i t LI ou  t L- ec ove 1- y powe r a r e  used . 

F i g .  5 Human d e t e c t i o n  model 
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a v e r a g e  k i n e t i c  e n e r g y  a s  t h e  one  t o  i n d i c a t e  human l a b o u r .  

Adequacy of the e v a l u a t i o n  s t a n d a r d  shown i n  the f o r m u l a  ( 5 )  

i s  d i s c u s s e d  a f t e r  compar ing  i t  w i t h  t h e  test  r e s u l t  o b t a i n e d  

b y  t h e  N a t i o n a l  A e r o s p a c e  Labora to ry .  

Accord ing  t o  t h e  method d e s c r i b e d  above ,  o p t i m a l  

human t r a n s m i s s i o n  c o e f f i c i e n t  Yp( s ) i s  g i v e n  a c c o r d i n g  t o  t h e  

f o l l o w i n g  f o r m u l a s .  

Z Z T  i 

Z ( s )  i s  a f u i t c t i o n  s t r u c t u r e d  b y  a p o l e  o f  t h e  i e f t  s i d e  h a l f  

o f  t h e  s u r f a c e  ( L .  H .  P . )  o f  t h e  complex s u r f a c e  and t h e  z e r o  

p o i n t .  L e ]  + i n d i c a t e s  the s e c t i o n  w n i c h  h a s  a p o l e  o n l y  a t  

L .  [ I .  P .  

t.'is. tl s n v w s  nur,ian Cransriiissioii f u n c t i o n  Yp( s )  

o b t a i n e d  throu_eh  tne  a b o v e  d e s c r i b e d  method i n  the fcjrm of 

b o a r d  l i n e  cha r t  when  t h e  c o n t r o l l e d  element G ( s )  i s  g i v e n  by 

t h e  f o r m u l a  (1).  The r e s u l t  i s  e q u a l  t o  t h e  r e s u l t  i n  

r e f e r e n c e  t o  G ( s )  p r i o r  t o  t h e  change  i n  t h e  p a r a m e t e r .  As 
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tne f i g u r e  o f  km', k i n e t i c  movement i n  t h e  v i c i n i t y  of  t h e  

r o l l  ax le  b y  movable  s i m u l a t o r  i s  s i m u l a t e d  i n  t h e  t e s t .  T h i s  

i s  a l i t t l e  d i f f e r e n t  from t h e  one  d e s c r i b e d  h e r e .  As a n  

e x p e r i m e n t a l  a t t e m p t ,  kma = 0.05 secZ t h a t  i s  compared w i t h  

the test  r e s u l t  i n  t h e  b i b l i o g r a p h y  4 )  was a d o p t e d .  A s  t h e  

f i g u r e  of  C ,  t h e  i n s t a n c e  of 0.15 - 0 . 3  sec is shown h e r e .  

Yet, b a s e d  upon t h e  f o l l o w i n g  r e a s o n  #1 arid $2, f = 0.25 sec 

h a s  been  e s t i m a t e d  i n  t h e  d i g i t a l  s i m u l a t i o n  t h a t  f o l l o w s .  

[Reason  #1] 

t h e  e x p e r i m e n t  i s  0.238 sec i n  t h e  case o f  t h e  t e s t  s u b j e c t  &I 

and 0.506 sec i n  t h e  case of the t es t  s u b j e c t  0 .  [Reason  $23 

The estimated f i g u r e  o f  r i n  t h e  b i b l i o g r a p h y  4 )  i s  a l m o s t  

0 .25  sec. I n c i d e n t a l l y ,  t h e  i n d e n t a t i o r r  i n  t h e  v i c i n i t y  of  

t h e  f r e q u e n c y  4 r a d /  sec shown i n  t h e  G a i n ' s  c h a r a c t e r i s t i c s  

means t h e  r e d u c t i o n  i n  t h e  p i l o t ' s  g a i n  i n  the v i c i n i t y  of  t h e  

s p e c i f i c  f r e q u e n c y  of  G(s). 

. 

The f i g u r e  o f  f t h a t  i s  g a i n e d  as the r e s u l t  of 

4 . 2  Opt ima l  e s t i m a t o r  ( i n  F i g .  5 )  

Human i n t e r n a l  o b s e r v a t i o n  n o i s e  v i s  d e t e r m i n e d  a s  

t h e  Gaussian w h i t e  n o i s e .  l'he e x c i t a t i o n  i r rput  u i n t o  t h e  

system u s e s  t n e  G a u s s i a n  s i g n a l .  A l s o ,  i t  i s  assumed t n a t  

Iiuriian a r e  a d e q u a t e l y  used  t o  ttie s i g n a l  p r i G r  t o  t h e  p a r a m e t e r  

c n a n g e  and a re  wel l  aware of  t h e s e  s t a t i s t i c a l  

c h a r a c t e r i s t i c s .  C o n s i d e r i n g  t n e  f a c t  t h a t  the  o p p o s i n g  

s y s t e m  i s  l i n e a r ,  t h e  p a r t  o f  t h e  o p t i m a l  e s t i i n a t o r  o f  t h e  

d e t e c t i o n  model w i l l  become t h e  Carnian :*( f i l t e r  a s s u m i n g  t h a t  
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human a r e  c o n d u c t i n g  the o p t i m a l  e s t i m a t i o n  i n  t h e  s e n s e  o f  

min imiz ing  the a v e r a g e  s q u a r e  e r r o r s .  The  f orriiulas f o r  t h e  

opt imal  estimator b y  t h e  Carman f i l t e r  a re  r e p o r t e d  i n  

v a r i o u s  l i t e r a t u r e .  T h e r e f o r e ,  t h e y  a r e  o m i t t e d  h e r e .  

F i g .  6 A b o a r d  l i n e  f i g u r e  o f  human t r a n s m i s s i o n  f u n c t i o n  

4 . 3  V a r i a n c e - r a t i o  t e s t  ( i n  F i g .  5 )  

When t h e  average f i g u r e  of a base g r o u p  N 1  and  N2 

(which  are d i f f e r e n t  from each o t h e r )  i s  unknown, 

v a r i a n c e - r a t i o  test. t o  d e t e r m i n e  w n e t h e r  sorile v a r i a n c e  e x i s t  

be tween61  anddr  i s  c o n s i u e r e d  h e r e .  I'he s i z e  o f  t h e  sample  

t h a t  i s  e x t r a c t e d  fror:i e a c h  base  g r o u p  i s  a e t e r m i n e d  a t  n l  and 

n2. A t  t h i s  time, e q u i t a b l e  e s t i m a t e  v a l u e  u l  and  u 2  i n  

r e f e r e n c e  t o  6, a n d  d, are  used  t o  c a l c u l a t e  t h e  fvrmuLa ( 9 )  

shown below. 

2 1 
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U1' L = 1  
UI 

( 9 )  

Then ,  L f o l l o w s  t h e  F d i s t r i b u t i o n  of  t; ( n l  - 1, n 2  - 1) u n d e r  

t h e  h y p o t h e s i s  o f d ,  =dz . 
d e g r e e  o f -  f r eedom. )  F (  a l p h a  : m ,  n )  i s  d e f i n e d  as  t h e  f i g u r e  

f o r  t h e  p r o b a b i l i t y  v a r i a b l e  2 f o l l o w i n g  t h e  F (m, n )  

d i s t r i b u t i o n  t o  s a t i s f y  P(Z>ha) - = a l p h a .  T h e n ,  i f  e i t h e r  o n e  

of  t h e  f o r m u l a s  (10) o r  (11) shown be low i s  mater ia l ized ,  t h e n  

t h e  h y p o t h e s i s d F = d , L i s  d i s c a r d e d .  

f o r m u l a s  i s  m a t e r i a l i z e d ,  t hen  t h e  h y p o t h e s i s  i s  n o t  

d i s c a r d e d .  T h i s  i s  t h e  v a r i a n c e - r a t i o  tes t  i n  m a t h e m a t i c a l  

s t a t i s t i c s .  Alpha  becomes t h e  d a n g e r  r a t i o  t o  d i s c a r d  t n e  

h y p o t h e s i s  a t  t h e  time when t h e  h y p o t h e s i s  i s  correct .  

z z  
( n l  - 1 a n d  n 2  - 1 i n d i c a t e  t h e  

I f  none o f  t h e  two 

F i g .  7 shows t h e  method t o  a p p l y  t h e  above  method t o  time 

ser ies  s i g n a l .  The two p a r t s  among s a i d  s i g n a l  t h a t  will 

Decorne t h e  t a r g e t  of t h e  v a r i a n c e - r a t i o  t e s t  a r e  NI a n d  N2. 

In o t h e r  w o r d s ,  i t  i s  e s t i r i i a t ec  t h a t  hunian c o n d u c t  

v a r i a n c e - r a t i o  t e s t  by e x t r a c t i n g  n l  a n o  n2 each s a m p l e s  from 

N 1  and  N2 p a r t .  1 1 1  c r d e r  t o  d e t e c t  t h e  p a r a m e t e r  c h a n g e ,  

human o b s e r v e s  th i s  s i g n a l .  'The a c t u a l  p o i n t  o f  t h e  

o b s e r v a t i o n  is a t  tne r i g h t  eage of N2.  ~ G n S l d e i - l l l g  t ne  f a c t  

t n a t  ni lman a r e  q u i t e  f a m i l i a r  w i t h  the s t a t i s t i c a l  

c h a r a c t e r i s t i c s  unde r  t h e  normal c o n d i t i o n ,  i t  may be a l l  

r i g l i t  t o  t h i n k  t h a t  N i  i s  p o s i t i o n e d  a t  the b e g i n n i n g  o f  ttie 

s i g n a l .  I t  was t h o u g h t  t h a t  o n l y  t h e  p a r t  o f  N 2  was moved t o  . 

1 8  



5 .  DIGITAL SIMULATION BY DETECTION MODEL 

D i g i t a l  s i m u l a t i o n  was conduc ted  u s i n g  human model 

p r o p o s e d  i n  t h e  c h a p t e r  4 .  The c o n d i t i o n  o f  t h e  set  u p  was 

made i d e n t i c a l  t o  t h a t  o f  t h e  e x p e r i m e n t .  The s a m p l i n g  p e r i o d  

was set u p  a t  0.05 second .  I t  was s o  d e c i d e d  c o n s i d e r i n g  t h e  

f a c t  t h a t  t h e  r e a d i n g  a c c u r a c y  a t  t h e  t i m e  o f  t h e  measurement  

of t h e  d e t e c t i o n  t i m e  d u r i n g  t h e  e x p e r i m e n t  was 0.05 second  

and t h a t u n =  4 rad/ s e t  ( a c c o r d i n g l y ,  t h e  s p e c i f i c  p e r i o d  i s  

1.57 sec). A s  f o r  tne human i n t e r n a l  o b s e r v a t i o n  n o i s e ,  i t  

was d e t e r m i n e d  s o  t h a t  t h e  r a t i o  o f  t h e  v a r i a n c e  of  e(d:)and 

t h e  v a r i a n c e  o f  v(dvz)was e q u a l  t o d e f d i  = 216. 8 )  

t h e  s i g n a l  e x t r a c t e d  from t h e  par t  o f  N 1  c a n  be a n y t h i n g  as  

l o n g  a s  i t  i s  l o n g  enough t o  d e t e r m i n e  t h e  s t a t i s t i c a l  

c h a r a c t e r i s t i c s .  C o n s i d e r i n g a n  = 4 rad/ sec,  i t  was 

d e t e r m i n e d  a s  f o l l o w s :  N 1  = 10 s e c o n d s .  A s  f o r  t h e  moving N2 

p a r t ,  i t  can a l s o  b e  de t e rmined  a c c v r d i n f i  t o  t h e  saiiie manner 

a s  N 1 .  Yet ,  i f  t h i s  p a r t  i s  t o o  l o n g ,  t n e n  t h e  d e t e c t i o n  

becorues somewhat d e l a y e d .  I f  it i s  t o o  S h ( J r t ,  t h e n  1 t couic l  

cause some e r r o r  b e c a u s e  o f  i t s  i n a b i l i t y  t o  f u l l y  g r a s p  t n e  

s t a t i s t i c a l  c h a r a c t e r i s t i c s .  Here, N2 i s  ritade e q u a l  t u  4.5 

s e c o n d s .  The time when t h e  pa rame te r  becc::ies changed  i s  12 .5  

s e c o n d s  a f t e r  t h e  b e g i n n i n g  o f  t h e  t e s t .  

'The l e n g t h  G f  

F i g .  8 t o  F i g .  13 show the r e s u i t  uf  t h e  s i m u l a t i o n  o f  

19 



t h e  d e t e c t i o n  time t h r o u g h  t h e  use of  models .  F i g .  8 a n d  9 

show t h e  change of  s o l e l y ( ,  , w h i l e  F i g .  10 and  11 show t h e  

change  of s o l e l y  U ) n  . F i g .  1 2  and  13 show t h e  r e s u l t  i n  which  

b o t h  ?& and  Wn c h a n g e  s i m u l t a n e o u s l y  ( s e r i e s  6 ) ,  ' 7 )  ). I n  

t h e s e  f i g u r e s ,  d e t e c t i o n  time o b t a i n e d  by  t h e  e x p e r i m e n t  u s i n g  

human i s  a l s o  shown u s i n g A  mark. F i g .  8 , 10 a n d  1 2  show t h e  

d e t e c t i o n  time o b t a i n e d  from t h e  v a r i a n c e - r a t i o  of t h e  o p t i m a l  

estimate f i g u r e  e o f  e. F i g .  9 ,  11 a n d  13 show t h e  d e t e c t i o n  

time o b t a i n e d  f rom t h e  v a r i a n c e - r a t i o  o f  t h e  o p t i m a l  estimate 

f i g u r e  e o f  6 .  

from t h e  p a r t  o f  N 1  a n d  N 2  o n l y  need t o  be s u f f i c i e n t  t o  know 

t h e  s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  tile s i g n a l .  I t  s h o u l d  be 

d e t e r m i n e d  based  upon t h e  f r e q u e n c y  band of  the s i g n a l .  The 

number o f  t h e  sample  u s u a l l y  a f f e c t  t h e  t h r e s h o l d  f i g u r e  ( f o r  

d e t e c t i o n )  as w e l l  a s  d e t e c t i o n  time o r  g e n e r a t i o n  o f  " f a l s e " .  

llere, t h e  r e s u l t  i n  t h e  case of ( n l ,  n 2 )  = ( 2 0 0 ,  ' J O ) ,  ( 1 0 0 ,  

4 5 ) ,  ( 6 6 ,  30) i s  shown. 

= 0.01. ' l h e  t h r e s h o l d  f i g u r e  f c r i t  f o r  t h e  d e t e c t i o n  a t  t h a t  

time i s  shown i n  F i g .  2 .  Each r e s u l t  i s  t h e  a v e r a g e  o f  t h e  

r e s u l t  o f  100 s e p a r a t e  s i m u l a t i o n s  w h i c h  a r e  co r rec t ly  j u d g e d .  

CorLrparing the above  r e s u i t  w i t h  t h e  r e s u l t  olr t h e  e x p e r i m e n t  

markea w i t h A ,  i t  i s  o b v i o u s  t h a t  t h e y  t e n d  t o  snow d e c e n t  

a g r e e m e n t .  I n  trie case o f  t h e  c h a n g e  o f  uh a l o n e ,  t h e  

d e t e c t i o n  time i n  t h e  case whered?changes  toward t h e  h i g h e r  

( l a r g e r )  d i r e c t i o n  i s  s h o r t e r  t han  t h e  d e t e c t i o n  t i m e  i n  t h e  

A 

A 
The sample  numbers n l  a n d  n2 t o  be e x t r a c t e d  

I t  i s  t h e  r e s u l t  o b t a i n e d  when a l p h a  

a 
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case where  t h e  same c h a n g e s  tcward t h e  lower ( s m a l l e r )  

d i r e c t i o n .  T h i s  i s  e x p l a i n e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  

manner .  

r e p o r t e d  p r e v i o u s l y  t h a t  a p i l o t  w i l l  b e g i n  t h e  c o n t r o l  a f t e r  

n o t i c i n g  w : 3 ) ,  b n  c a n  be more e a s i l y  d e t e c t e d .  

a l s o  a p p e a r s  i n  t h e  d e t e c t i o n  t ime o b t a i n e d  from e ( F i g .  11). 

I t  i s  s a f e  t o  assume t h a t  human i s  p a y i n g  more a t t e n t i o n  t o  6 .  

I n  t h e  domain whered:is h i g h  ( l a r g e ) ,  as i t  has been 

a 
T h i s  t e n d e n c y  

b 

111 t h e  case o f  t n e  ser ies  5 )  a n d  8 ) ,  i t  was d i f f i c u l t  t o  

make t h e  d e t e c t i o n  t h r o u g h  t h e  s i m u l a t i o n  a c c o r d i n g  t o  t h i s  

model .  T h i s  i s  t h e  case i n  w h i c h  b o t h  and  became l a r g e r  

o r  smaller. Human e a s i l y  d e t e c t e d  t h e  change  i n  t h e  p a r a m e t e r  

i n  t h i s  case i n  s p i t e  o f  t h e  f a c t  t h a t  t h e  change  r a t i o  o f  t h e  

v a r i a n c e  of  e and 6 was r a t n e r  small .  'l'he above  fac t  

i n d i c a t e s  t h e  p o s s i b i l i t y  t h a t  human commonly u s e  t h e  k e y  

i n f o r m a t i o n  o t h e r  t h a n  t h e  v a r i a n c e - r a t i o  i n  u r d e r  t o  d e t e c t  

t h e  c h a n g e s  i n  p a r a m e t e r .  tiowever, a s  f a r  a s  o t h e r  a i r e c t i o n  

i s  concerned, human p e r c e p t i o n  i s  d i r e c t e d  o n l y  toward  t n e  

c n a n g e  r a t i o  o f  the var iance .  ' r h u s ,  f i n e  r e s u l t  i s  o b t a i n e d  

a s  shown  h e r e .  

Tne  i n f l u e n c e  o f  t h e  c o n t r o l  i s  n o t  s i g n i f i c a n t  a s  t n e  

resu i  t c;f t n e  s i m u l a t i v n  i s  coi,ipared w i t n  t n e  1-esui t of  t n e  

' m o n i t o r i n g  tasks  i n  t n e  b ibJ iog rapny  1 0 ) .  l t  i s  p a r t i c u l a r l y  

s o  wnen a l l  t h e  p a r a m e t e r s  a r e  r e g a r d e d  a s  b e i n g  t n e  same 

( e q u a l ) .  Assuniing t h a t  t h e  number of  s a m p l e s ,  1-11 a n d  n2, from 

t h e  N l  and r42 p a r t s  i s  g r e a t e r  i n  tne  case o f  t h e  c o n t r o l l e d  
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t a sks  t h a n  i n  t h e  case of  t h e  m o n i t o r i n g  t a s k s  ( f o r  example ,  

m o n i t o r  ( n l ,  n2)  = (100, 4 5 )  and t h e  c o n t r o i l e r  = ( 2 0 0 ,  Y O )  ) ,  

a p p r o x i m a t e l y  t h e  same d e g r e e  of d i f f e r e n c e  as t h e  d i f f e r e n c e  

of  the e x p e r i m e n t a l  f i g u r e  of  t he  d e t e c t i o n  time i n  t h e  b o t h  

cases w i l l  a p p e a r .  T h i s  c a n  be i n t e r p r e t e d  t h a t  human t e n d  

t o  be more a t t e n t i v e  i n  t h e  case o f  b e i n g  a c o n t r o l l e r  r a t h e r  

t h a n  b e i n g  a m o n i t o r .  I n  t h i s  s t u d y ,  t h e  d a t a  l e n g t h  o f  N2 

p a r t  i s  c a l c u l a t e d  as  b e i n g  f i x e d .  I t  i s  assumed t h a t  t h e  

d e t e c t i o n  c h a r a c t e r i s t i c s  may be changed  by c h a n g i n g  i t .  In 

t h i s  e s s a y ,  n o  d i s c u s s i o n  h a s  been made c o n c e r n i n g  t h e  method 

on how t o  select  t h e s e  p a r a m e t e r s .  C o n s i d e r a t i o n  o f  the above  

d i s c u s s i o n  may b e  b r o u g h t  o u t  i n  t h e  f u t u r e .  

6 .  CONCLUSION 

11) t h i s  s t u d y ,  an e x p e r i m e n t a l  i n v e s t i g a t i - o n  o f  d e t e c t i o r i  

a c t i o n s  o f  a i r p l a n e  p i l o t s  was c o n d u c t e a  i n  t h e  case where  t h e  

system a b n o r m a l i t y  c a n  be  d e t e c t e d  a s  t h e  variance c h a n g e s  o f  

t h e  o u t p u t .  Based on the above s t u d y ,  a d e t e c t i o n  rnoael was 

p r o p o s e d .  I t  became c l - e a r  t n a t  t h e  p i l o t ' s  d e t e c t i o n  tiine 

o b t a i n e d  t h r o u g h  e x p e r i m e n t s  c u u l d  b e  c o n n e c t e d  w i t h  tile 

v a r i a n c e - r a t i o  cjf t h e  s i g n a l  beii ip watcned  and i t s  time 

d i f f e r e n t i a l  f i g u r e .  b a s e d  upon t h e  r e s u l t  of  the 

e x p e r i m e n t s ,  t h e  p i l o t ' s  d e t e c t i o n  model i s  e x p r e s s e d  i n  t h e  

form o f  t h e  two p a r t s  - t h e  o p t i m a l  c o n t r o l  f o r  t h e  

c l o s e d - l o o p  s y s t e m  c o n t r o l  a n d  t h e  d e t e c t i o n  o f  t h e  p a r a m e t e r  



changes  by Carman :': f i l t e r  and t h e  v a r i a n c e - r a t i o  t e s t .  

Through t h e  compar ison  o f  t h e  r e s u l t  o f  t h e  d i g i t a l  s i m u l a t i o n  

by models and t h e  t e s t  r e s u l t ,  i t  i s  s a f e  t o  s t a t e  t h a t  t h e  

model b e i n g  p r o p o s e d  h e r e  a d e q u a t e l y  and  q u a l i t a t i v e l y  

expresses p i l o t ' s  d e t e c t i o n  mot ions  a s  a c o n t r o l l e r  o r  a 

m o n i t o r  w i t h  t h e  e x c e p t i o n  o f  t h e  special case s u c h  as  t h e  

se r ies  5 )  and  8 ) .  

The  q u e s t i o n s  y e t  t o  be  s o l v e d  may i n c l u d e  tne mutua l  

r e l a t i o n  between e and e which are u t i l i z e d  b y  p i l o t s  who are  

a t t e m p t i n g  t o  d e t e c t  changes .  I n  o t h e r  words ,  t h e  f u t u c e  

c o n s i d e r a t i o n  must i n c l u d e  t h e  q u e s t i o n  on which  one  must  be 

u s e d ,  o r  how much o f  i t  s h o u l d  b e  u s e a ,  o r  now i t  s h o u l d  be 

u s e d . . . e t c .  e tc .  I n  a d d i t i o n  t u  t h a t ,  s e l e c t i o n  method o f  t h e  

parameters i n  t h e  u s e  of  t h e  models must be d i s c u s s e d  t h r o u g h  

f u r t h e r  t e s t s  arid e x p e r i m e n t s  i n c i u d i n g  the r e s e a r c h  

a c t i v i t i e s  o n  t h e  s u b j e c t  o f  t h e  d i f f e r e n c e  between t h e  case 

of  t h e  m o n i t o r i n g  t a sks  ana  t h e  c o n t r o l  t a sks .  I t  seeiiis t h a t  

c G n s i d e r a t i o n  o f  t h e  c o n t r o l  s t a n d a r d  o t h e r  t n a n  t n e  

v a r i a n c e - r a t i o  i s  a l s o  i m p o r t a n t .  

[ ' r r a t , s i a t o r ' s  nr;tej 

\ J O L - ~ S  marked w i t h  :': i n d i c a t e  p h o i i e t i i a l  l y  t r a n s i a t e a  

J a p a n e s e  words.  
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